abstract the aim of the experiment was to determine the effect of selected antioxidants (selenium, copper, vitamins E and c) on the antioxidant status of breeding boar ejaculate and ejaculate quality. in the first control group of boars (n = 10), the amount of antioxidants was not increased in feed. The second experimental group (n = 10) received the addition of selenium (0.5 mg/kg of diet), copper (10 mg/kg of diet), vitamin C (350 mg/kg of diet) and vitamin E (70 mg/kg of diet) in feed. The experiment lasted for 90 days. The addition of antioxidants increased GPx (by 28%), selenium content (by 49%; P<0.05), SOD (by 9%; P<0.05) and level of copper (by 63%; P<0.05) in the experimental group of boars. In the control group, the decrease of sperm motility (by 22%; P<0.05) was found at the end of the experiment. other measured parameters such as abts antioxidant capacity, levels of mda, metallothionein, zinc, ejaculate volume, concentration, total count of sperm and percentage of abnormal sperm cells were not significantly affected. The above mentioned results show that the addition of antioxidants does not increase the ejaculate quality but their lack can damage the quality indicators of boar ejaculate.
The excessive production of oxygen free radicals (ROS) results in the damage of cell structures. Sperm is included in the most sensitive one to ROS damage due to a high content of MUFA and PUFA (Horký and Cerkal, 2014; Jankowiak et al., 2015) . Antioxidants play an important role in the animal organism. The negative impact of ROS on the animal organism can be eliminated due to antioxidants. Among *This project was funded from grants and IGA TP 2/2015: Effect of selenium on the quality of plant and animal production from the perspective of safety and NAZV QJ1310100 -Development and optimization methods for the determination of biogenic amines in response to increasing health security of silage. the important antioxidants, which are used in livestock nutrition, are selenium (part of glutathione peroxidase), copper (part of superoxide dismutase), and vitamins E and C. A correlation was found between selenium levels and GPx (Horký, 2014) , copper and SOD (Horký et al., 2012) . Vitamin E plays an important role against the peroxidation of polyene acids of biological membranes. Tocopherols have the ability to donate a hydrogen atom by transferring hydrogen from the phenolic group of free radicals to peroxy radical and thus to stop the chain reaction. The resulting phenoxy radical may react with vitamin C reduced by glutathione and coenzyme Q (Gao et al., 2014) . The antioxidants can improve ejaculate quality of boars such as concentration and sperm motility (Lovercamp et al., 2013) . The addition of antioxidants to the diet of boars may reduce the effects of heat stress on ejaculate quality and animal health. The reproductive performance of sows and boars can also be improved (Nevrkla et al., 2014; Surai and Fisinin, 2015) . The ejaculate quality is also dependent on the season and on the environment temperature. The optimum temperature ranges from 20 to 25°C for boars. The increased production of oxygen free radicals can occur at higher temperatures (Morelle and Lejeune, 2015; Horký et al., 2015) . The aim of the study was to evaluate the effect of selected antioxidants (selenium, copper, vitamins E and C) on the antioxidant status of breeding boar ejaculate and ejaculate quality.
material and methods
The experiment was conducted at the insemination boar center in Velké Meziřičí (in the Czech Republic, 465 meters above sea level). In the experiment, 20 Duroc boars were involved. The average age was about 2.5±0.2 years and the mean weight reached about 250±25 kg. The experimental animals were individually (2.5 × 2.5 m) housed and had ad libitum access to water. All animals were fed with 3.3 kg of basic feed mixture (Tables 1 and 2 ). The environment temperature was regulated using the active ventilation and ranged from 15 to 20°C for the duration of the experiment.
Metabolizable energy content (MEp) was up to 12.6 MJ/kg of diet. The basic feed mixture contained: 0.02 mg of selenium; 21.5 mg of copper; 9.9 mg of vitamin E and 16.0 mg of vitamin C per kilogram of feed mixture. The boars were divided into two groups. The first experimental group of boars (n = 10) was supplemented with: 0.5 mg of selenium (selenomethionine), 10 mg of copper (as copper sulphate), 70 mg of vitamin E (alpha-tocopherol) and 350 mg of vitamin C (ascorbic acid) to a feed ration per kilogram of diet. In the second group of boars (n = 10), which served as a control one, the quantity of selenium, copper, vitamins E and C was not increased. Premix was individually dosed to boars during the morning feeding using the accurate dispenser. The content of selenium and copper was determined by atomic absorption spectrophotometry in the feed mixtures according to Lei and Marshall (1995) and Horký et al. (2015) . HPLC of Hosmanova and Dousa (2007) was used for the determination of vitamin E and HPLC of Rudenko and Kartsova (2010) identified vitamin C in the feed mixture. Sperm development cycle takes about 42 days (Surai and Fisinin, 2015) . Therefore, the experiment lasted for 90 days (from June to August). The ejaculate was collected weekly from boars. The ejaculate, col-lected at the beginning of the experiment (control samples) and on the 30, 60 and 90 days of the experiment, was taken for the biochemical analyses. The ejaculate was obtained from the boar using the jump to the phantom (King and Macpherson, 1973) . The ejaculate was collected in the uniform environment by the same techniques for the duration of the experiment. sample ejaculate preparation for analyses Firstly, 0.5 ml volume of thawed ejaculate was pipetted followed by the addition of 2 ml of N 2 and 0.5 ml of phosphate buffer. Subsequently, the sample ejaculate was homogenized in ULTRA-TURRAX T8 homogenizer (IKA, Königswinter, Germany) at 3000 rpm for 2 minutes. After the homogenization, 1 ml of phosphate buffer was added. The sample ejaculate, modified by this way, was homogenized in vortex (Vortex-2 Genie Scientific Industries, New York, NY, USA) at 2,000 rpm for 15 minutes. After the homogenization, the sample ejaculate was centrifuged in Universal 32 R centrifuge (Hettich-Zentrifugen GmbH, Tuttlingen, Germany) at 16,000 rpm at 4°C for 20 minutes. Finally, the supernatant was removed and used for the analyses (1.5 ml).
determination of glutathione peroxidase
Glutathione peroxidase was measured with a modified ejaculate (see chapter about ejaculate sample preparation for analyses). Glutathione Peroxidase Cellular Activity Assay Kit (CGP1, Sigma Aldrich, USA) was used for the GPx assessment. For the determination of glutathione peroxidase activity, BS 400 automated spectrophotometer (Mindray, Hong Kong, China) was utilized. The experimental protocol was prepared as follows: the reagent R1 (0.3 mM NADPH in GPx buffer) of 260 µl volume was pipetted into a plastic cuvette with the subsequent addition of 10 µl of sample ejaculate. After the mixing, 30 µl volume of reagent R2 (3 mM tert-butyl hydroperoxide) was added to the cuvette, which started the reaction. The decrease in absorbance was measured at 340 nm using kinetic program for 126 seconds.
determination of superoxide dismutase (sod)
Kit 19160 SOD (Sigma Aldrich, New York, USA) was used for the assessment of superoxide dismutase activity (SOD, EC 1.15.1.1.). The reagent R1 (WTS solution diluted 20 times with the buffer) of 200 µL volume was pipetted into a plastic cuvette. The agent was incubated at 37°C for 108 s. Afterwards, 20 µL volume of sample ejaculate was pipetted. In 378 s, the reaction started by the addition of 20 µL volume of reagent R2 (enzyme solution diluted 167 times with buffer). It was incubated for 72 s. Subsequently, the absorbance was measured at λ = 450 nm. Kinetic reaction was measured for 180 s. The absorbance was read every 9 s.
determination of antioxidant capacity using abts test
The reagent of 150 µl volume (Sochor et al., 2010) was mixed with 3 µl of the sample ejaculate. The absorbance was measured at 660 nm. For the calculation of the antioxidant activity, the difference between the absorbance in the last twelfth and the second minute was applied for the procedure assessment.
photometric determination of malondialdehyde (mda)
The principle of malondialdehyde determination was based on the reaction between malondialdehyde (Rakshit et al., 2014) and thiobarbituric acid (TBA) followed by the formation of TBA-MDA-TBA adduct, which strongly absorbs at 535 nm. Trichloroacetic acid (TCA) was put in the sample ejaculate because of its ability to precipitate proteins, bilirubin, unsaturated fatty acids, and lipoproteins. The sample ejaculate of 300 µL was mixed together with 10 µL of 0.5 M solution of butylated hydroxytoluene (BHT) in 96% ethanol (v/v), and 310 µL of 20% TCA (v/v) prepared in 0.6 M HCl. After 20 min of the incubation on ice, the mixture was centrifuged at 11,000 r.p.m. for 15 min. Subsequently, 400 µL of supernatant was mixed with 800 µL of 30 mM TBA. The mixture was incubated in thermomixer Comfort (Eppendorf, Germany, Berzdorf) at 90°C for 30 min. After cooling on ice, MDA absorbance was measured using the spectrophotometer at 535 nm. The concentration was read from the calibration curve (Hong et al., 2000) .
determination of metallothionein
Differential pulse voltammetric measurements were performed with a 747 VA Stand instrument connected to 693 VA Processor and an 695 Autosampler (Metrohm, Herisau, Switzerland) using a standard cell with three electrodes and a cooled sample ejaculate holder and measurement cell to 4°C (Julabo F25, JulaboDE). A hanging mercury drop electrode (HMDE) with a drop area of 0.4 mm 2 was the working electrode. An Ag/AgCl/3M KCl electrode was the reference one and glassy carbon electrode was the auxiliary. For the data processing, VA Database 2.2 by Metrohm CH was used. The analyzed samples of ejaculate were deoxygenated prior to the measurements of purging with argon (99.999%) and saturated with water for 120 s. Brdicka Supporting electrolyte containing 1 mM of Co(NH 3 ) 6 Cl 3 and 1 M ammonia buffer (NH 3 (aq) + NH 4 Cl, pH = 9.6) was used. The supporting electrolyte was exchanged after each analysis. The parameters of the measurement were the following: initial potential of -0.7 V, final potential of -1.75 V, modulation time for 0.057 s, time interval for 0.2 s, step potential of 2 mV, modulation amplitude of -250 mV, Eads = 0 V, volume of injected sample ejaculate: 10 µl, volume of measurement cell of 2 ml (10 μl of sample ejaculate, 1990 μl of Brdicka solution).
determination of selenium concentration in ejaculate
The concentration of selenium was determined using differential pulse voltammetry of 797 VA Computrace and 889 IC Sample Center (Metrohm, Herisau, Switzerland) using a standard cell with three electrodes. A hanging mercury drop electrode (HMDE) with a drop area of 0.4 mm 2 was the working electrode. An Ag/ AgCl/3M KCl electrode was the reference one and glassy carbon electrode was the auxiliary. The analyzed samples of ejaculate were deoxygenated prior to the measurements of purging with argon (99.999%) and saturated with water for 120 s. The parameters of the measurement were the following: deposition potential of -0.6 V, accumulation time for 200 s, pulse amplitude of 0.03 V, pulse time of 0.05 s, voltage step of 0.006 V, voltage step time for 0.1 s, sweep rate of 0.06 V/s, equilibration time for 30 s. The total volume of the measuring vessel was of 2 ml (1980 µl of electrolyte and 20 µl of sample ejaculate). The electrolyte for selenium was prepared by using 0.015 mM ammonium sulfate with the addition of copper sulfate; the final concentration of CuSO 4 in the solution was of 0.05 mM. pH of this electrolyte was adjusted to 2.2 using sulfuric acid. The scan was in the range of potentials from -0.4 V to -0.9 V and the characteristic peak of selenium was recorded at potential of -0.7 V.
preparation of ejaculate samples for electrochemical determination of copper -microwave digestion
To 10 µl of ejaculate, 500 µl of digestion mixture (350 µl HNO 3 + 150 µl H 2 O 2 ) was added. The samples of ejaculate were digested in MW (Anton Paar, New York, USA) rotor MG-65. The program (SUP 6) starts and ends with the same ten--minute-long step and begins with the power of 50 W and ends with the power of 0 W. The microwave power was of 100 W in the main part of the program (for 30 min).
determination of zinc
The determination of zinc by differential pulse voltammetry was performed using a 797 VA Computrace instrument connected to a 813 Compact Autosampler (Metrohm, Switzerland) using a standard cell with three electrodes. A hanging mercury drop electrode (HMDE) with a drop area of 0.4 mm 2 was the working electrode. An Ag/AgCl/3M KCl electrode was the reference one and the platinum electrode was the auxiliary. For data processing, 797 VA Computrace software by Metrohm CH was used. The analysed samples of ejaculate were deoxygenated prior to the measurements of purging with argon (99.9%). The acetate buffer (0.2M CH 3 COONa + CH 3 COOH, pH 5) as a supporting electrolyte was used. The supporting electrolyte was exchanged after each analysis. The parameters of the measurement were the following: the initial potential of -1.2 V, final potential of -0.7 V, deoxygenating with argon for 90 s, deposition for 420 s, time interval for 0.04 s, step potential of 5 mV, modulation amplitude of 25 mV, adsorption potential of -1.2 V, volume of injected sample ejaculate: 10 µl, volume of measurement cell of 2 ml (10 μl of sample ejaculate, 1990 μl of acetate buffer).
determination of ejaculate volume, sperm concentration and motility, and abnormal sperm percentage
The assessments were carried out according to the methodology of Lovercamp et al. (2013) . The volume of semen was estimated by weighing each ejaculate and using the conversion of 1 g of semen equal to 1 mL. The concentrations of sperm were evaluated using a self-calibrating photometer (SpermaCueTM, Minitube of America, Verona, WI). The motility analyses were performed using Sperm VisionTM software (Minitube of America, Verona, WI) on images obtained by a digital camera attached to phase contrast microscope (Olympus microscope IX 71 S8F-3; Tokyo, Japan). Prior to analysis, 500 µL from each sample was diluted with 500 µL of Androhep extender and incubated at 37°C for 30 minutes. The evaluation of sperm morphology and cellular particles was performed using a phase contrast microscope (Zeiss, Germany). The subjective analyses were always carried out by the same qualified person. The determination of the total sperm production was based on the calculation (sperm concentration × ejaculate volume). The number of samples of the various parts of the experiment is shown in Table 3 in the control and experimental groups. statistics The data were statistically analyzed using STATISTIKA.CZ version 10.0 (the Czech Republic). The results were expressed as mean ± standard variance. Statistical significance was observed between group of boars using ANOVA and Scheffe's test -one-factor analysis for the parameters of GPx, SOD, MDA, ABTS, selenium, zinc, copper, metallothionein, ejaculate volume, sperm concentration and motility, percentage of abnormal sperm cells. The difference (P<0.05) was considered to be significant.
results
During the experiment, the addition of antioxidants such as selenium, copper, vitamins E and C was monitored on the antioxidant potential and ejaculate quality. The observed indicators were chosen as markers of the antioxidant status of ejaculate. The antioxidant potential, measured by ABTS ( Figure 1A ), was not significantly affected in any of the group of boars. The level of peroxidation, measured by MDA concentration ( Figure 1B) , was found without significant changes in the experimental and control groups of boars in the duration of the experiment. In both groups, a slight increase was observed on the 30th day (about 10%).
GPx was increased about 28% without statistical significance compared with the control group of boars in the experimental group at the end of the experiment. Selenium concentration was significantly increased by 49% (P <0.05) in the experimental group at the end of the experiment. An increase of selenium was observed from the 30th day of experiment. Selenium concentration was decreased in the control group from the 60th day of the experiment. The values of GPx and selenium concentration in the ejaculate are evident from Figure 2A .
Metallothionein was increased by 32% (P <0.05) in the control group on the 30th day of the experiment. Significant changes of metallothionein were not observed between the experimental and control group in the rest of the experimnet. The zinc level was increased by 6% in the experimental group at the end of the experiment. The values of metallothionein and zinc are evident from Figure 2B .
The increase by 9% (P<0.05) and 3% on the 60th and 90th day of the experiment, respectively, was monitored in the evaluation of SOD activity. The copper concentration of the ejaculate was increased by 63% (P<0.05) in the experimental group on the 30th day and by 34% (P<0.05) on the 60th day of the experiment. An increase of 41% (P<0.05) was observed compared with the control group at the end of the experiment. The concentration of copper and SOD activity are evident from Figure 2C . During experimental observation, the quality of produced boar ejaculate was also evaluated. During the experiment, significant differences of ejaculate volume were not observed between the experimental and control groups. The experimental group proved higher semen volume during the monitoring. The sperm concentration in the ejaculate did not differ significantly between the groups. At the end of the experiment, the sperm concentration increased by 5% in the experimental group. In the case of sperm motility, a reduction of 11% (P<0.05) was observed between the 30th and 60th days of the experiment. Furthermore, a significant decrease of 22% (P<0.05) was found in the control group compared to the experimental group between the 60th and 90th days of the experiment. The percentage of pathological sperm proved to be at similar levels without significant changes in the duration of an experiment in both groups of boars. In the evaluation of the total number of produced sperm, no significant changes were determined between control and experimental groups. The experimental group showed about 10% higher sperm production at the end of the experiment. The indicators of ejaculate quality are shown in Table 4 . 
discussion
In our study, the mixture of antioxidants was added to a feed ration proving a direct relation to the ejaculate quality and antioxidant potential of the organism. Selenium, copper, vitamins E and C were included in the experiment. In similar experimental observation, the effect of dietary addition of selenium (0.5 mg/kg of diet) and vitamin E (250 mg/kg of diet) was tested to reduce a heat stress in a feed ration of boars (Echeverría-Alonzo et al., 2009) . During the summer period, the increased sperm concentration and motility were observed in the experimental group, and the percentage of abnormalities was reduced. As these authors mentioned, the addition of selenium and vitamin E may increase the ejaculate quality. Our results suggest that the addition of antioxidants had no significant effect on sperm motility. In our experiment, a decrease in motility of sperm was observed in the control group of boars.
From these results, the conclusions may be summarized such as the lack of antioxidants in the diet (selenium, vitamins E and C and copper) can reduce the ejaculate quality, especially in view of sperm motility. In another study, a lower amount of selenium and vitamin E was to boar diets compared to our experiment (0.2 mg of Se/ kg and 30 mg of vitamin E/kg of diet -the first group of boars). The second group of animals received similar levels of selenium and vitamin E as in our case (0.5 mg/kg and 60 mg of vitamin E). The boars of both experimental groups significantly proved a higher sperm concentration and a reduced amount of abnormal sperm. In both groups, a higher activity of GPx and selenium content were also found in the ejaculate (Kołodziej and Jacyno, 2005) . In our experimental observation a higher activity of GPx and selenium concentration were monitored in the ejaculate but ejaculate quality was not affected. Similarly, other studies have documented the positive effect of dietary selenium and vitamin E on the antioxidant status and ejaculate quality of boars.
The dose of 0.5 mg of selenium/kg of diet and 220 mg of vitamin E/kg of diet caused a higher GPx, and also increased sperm concentration and motility (MarinGuzman et al., 1997) . According to the results of the above mentioned authors, the essential amount of selenium in the feed ration of boars ranges between 0.3 and 0.5 mg/kg of diet. In our opinion, the cause of reduction in sperm motility may be a lack of selenium in the diet of control group of boars. With these findings, we have correlated with the majority of authors (Horký et al., 2012; Marin-Guzman et al., 1997) . In a similar experiment, two forms of selenium such as the organic and inorganic one were used (the same dose of 0.3 mg of Se/mg of diet). The organic form of selenium (the same form as we used in our monitoring) resulted in an increase of sperm concentration. This finding was not observed in our experiment.
The other results are the same as ours. The ejaculate volume, percentage of abnormal sperm cells were not significantly changed (Martins et al., 2014) . As seen from the above mentioned results of various authors, most studies are only focusing on the antioxidant capacity of ejaculate by the monitoring of changes in glutathione activity and selenium concentration in relation to the produced ejaculate quality. In our assessment in relation to the antioxidant activity, the antioxidant status was evaluated using ABTS method and MDA lipid peroxidation. According to our hypothesis, the feeding of antioxidants may influence these two parameters. However, this finding has not been confirmed in our monitoring. A similar study was carried out with the selenium addition at a higher dose (0.6 mg of Se/kg of diet). Furthermore, the activity of GPx and selenium concentration were also increased. The overall increase of the antioxidant activity was found using ABTS, FR (Horký et al., 2012) . Our experiment lasted for 90 days. The reduction of sperm motility can be caused by seasonal changes monitored in the study of Horký et al. (2015) . A decrease of zinc level was also observed similarly to the study of Horký et al. (2015) , even though the boars were not exposed to a heat stress. The decrease can be hormonally controlled depending on daylight. One of the long-term experimental observations (five months), focused on a feeding of selenium to breeding boars at a dose of 0.3 mg kg/diet in organic or inorganic form, was carried out by Lovercamp et al. (2013) . In the duration of the experiment, neither the ejaculate volume, sperm concentration, lipid peroxidation, selenium concentration nor GPx activity in one of the selenium forms were affected (Lovercamp et al., 2013) . These findings proved contradictory with the results of other works. Generally, it is believed that the organic form of selenium demonstrates a higher efficiency in comparison with the inorganic one. In a study of Lasota et al. (2004) , the relationship between the selenium content and GPx activity in blood and sperm were compared. The results suggest that no direct correlation can exist between these indicators. Therefore, it is more efficient to do the selenium analysis directly from boar ejaculate.
conclusion
The addition of selected antioxidants (selenium, copper, vitamins E and C) in the experimental group of boars increased SOD activity (by 9%; P<0.05), selenium (by 49%; P<0.05) and copper (by 41%; P<0.05) levels. In the control group without the addition of antioxidants (selenium, copper, vitamins E and C), a reduced motility sperm (by 22%; P <0.05) was found in the ejaculate.
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